greater than 60 breaths per minute in infants younger than 2 months, greater than 50 breaths per minute in children 2 to 12 months, and greater than 40 breaths per minute in children over 1 year of age. In children who have been symptomatic for more than 3 days, tachypnea has a sensitivity of 74% and a specificity of 67% for radiologically diagnosed pneumonia. 7 In this study, sensitivity decreased when other clinical signs were included with tachypnea, but the addition of these other clinical signs increased specificity in relation to the reference standard of radiologically diagnosed pneumonia.
ETIOLOGY
Pneumonia usually begins as a colonization of the mucosa of the nasopharynx followed by spread into the lower respiratory tract. The infection can be community acquired or nosocomial. Bacteria, viruses, atypical organisms, and fungi are all known to cause pneumonia. In prospective research studies, a causative organism can be identified in nearly three quarters of cases of pneumonia. Respiratory viruses seem to be responsible for approximately 40% of cases of community-acquired pneumonia in children who are hospitalized, particularly in those under 2 years of age, whereas Streptococcus pneumoniae is responsible for 27% to 44% of the cases of community-acquired pneumonia. 8, 9, 10, 11 Although infection with Mycoplasma pneumoniae and Chlamydia pneumoniae usually are considered to cause pneumonia in children of school age and in older patients, one study, in which preschool-aged children had as many episodes of atypical bacterial pneumonia episodes as older children, challenges this view. 9 In this study a bacterial cause was identified in 60% of cases of pneumonia, with S. pneumoniae causing 73% of the cases in which a bacterial cause was identified. Other bacterial causes such as Staphylococcus aureus, Moraxhella catarrhalis, group A Streptococci, Streptococcus milleri, and Haemophilus species (non-type b) were identified infrequently. Mycoplasma pneumoniae and Chlamydia pneumoniae were responsible for 14% and 9% of cases of pneumonia, respectively. The most severe disease occurred in patients who had infection with a typical bacterial organism or in the 23% in whom mixed bacterial (usually S. pneumoniae) and viral coinfection were identified. 9 
CLINICAL FEATURES
Bacterial pneumonia is unlikely when wheeze is identified in young children (level of evidence: moderate).
Bacterial pneumonia should be considered in children if fever is higher than 38.5 C and is accompanied by tachypnea and recession. 12, 13 Although auscultatory findings are not considered as reliable as other clinical signs in the diagnosis of pneumonia, crackles increase its likelihood. Wheeze in young children (preschool age and below) suggests a viral cause and in older subjects increases the possibility of infection by M pneumoniae. Fever, headache, and myalgia in older children are associated with M pneumoniae, whereas sticky eyes in a neonate are associated with Chlamydia trachomatis infection. 12, 13 MANAGEMENT OF A CHILD WHO HAS COMMUNITY-ACQUIRED PNEUMONIA AT PRESENTATION Assess for Contributing Etiology History is important in the evaluation of community-acquired pneumonia, and the physician should inquire about contacts, travel, immunization history, the possibility of foreign body aspiration or primary aspiration, stools consistent with malabsorption, sinusitis, asthma, and environmental exposure. The examination should evaluate general features such as growth, upper airway anatomy, dysmorphism suggesting syndrome, neuromuscular weakness, and swallowing and gag reflexes. The pulmonary examination should assess oxygen saturation, respiratory rate, accessory muscle use, wheezes, and other auscultatory findings such as crackles. Cardiovascular examination also is important to rule out signs of cardiac failure.
Assess for Severity of Pneumonia
In terms of severity, the WHO recommends that children who have chest indrawing be admitted to hospital. 13 The British Thoracic Society guidelines 12, 14 regarding admission to hospital in the developed world are shown in Box 1. 
AMBULATORY CARE OF A CHILD WHO HAS COMMUNITY-ACQUIRED PNEUMONIA
Investigations are not indicated routinely in mild childhood pneumonia. The optimal duration of treatment is unknown, but most advocate treatment for 5 to 7 days (level of evidence: low). Numerous adjunctive therapies in addition to antibiotics are prescribed frequently for the treatment of pneumonia ( Table 1) .
INVESTIGATIONS OF A CHILD ADMITTED WITH PNEUMONIA
There are widespread variations in practice regarding the investigation of pneumonia in children who are admitted with this condition.
Chest Radiographs
Chest radiographs should not be performed routinely in children suspected of having pneumonia (level of evidence: high).
Radiologic findings are accepted as the reference standard for defining pneumonia, but it is not clear to what extent chest radiographs alter the outcome of childhood pneumonia even though they frequently are used to confirm the presence, site, and extent of pulmonary infiltrates. In one study in children between 2 months and 5 years of age, recovery occurred at a median of 7 days, whether or not a chest radiograph had been performed, and there was no difference in subsequent health care use. Having a chest radiograph significantly increased the likelihood of being prescribed antibiotics, however. Routine use of chest radiography was not beneficial in ambulatory children over the age of 2 months who had acute lower respiratory tract infection. 18 The British Thoracic Society suggests that a chest radiograph be considered in a child younger than 5 years who has with a fever higher than 39 C of unknown origin and without features typical of bronchiolitis. 12 Although lobar infiltrates, effusions, abscesses, and cavities on a chest radiograph are likely to be a consequence of bacterial rather than viral pneumonia, 19 there are no other chest radiograph changes that are specific in differentiating bacterial from viral pneumonia and therefore indicating a need for treatment with antibiotics.
Blood Cultures
Blood cultures are positive in only 10% to 30% of children who have pneumonia and only in pneumonias where bacteremia occurs. 20 In a study in The Gambia, clinical signs that predicted a positive blood culture were high fever (>38 C), dehydration, nasal flaring, grunting, bronchial breath sounds, and diminished air entry. 21 Recent antibiotic use further reduces the chance of a positive blood culture, so in a developed country, where antibiotics are prescribed earlier in the course of lower respiratory illness, the clinical features that predict a positive blood culture are likely to be different. The British Thoracic Society guidelines recommend performing a blood culture in all children who are hospitalized and when bacterial pneumonia is suspected. 12 
Further Microbiology
Lung aspirates should be considered when peripheral consolidation is proven by chest radiograph (level of evidence: moderate). Pleural aspiration is indicated when significant pleural effusion is identified (level of evidence: moderate).
Microbiologic investigations generally are not recommended for patients being managed in the community. 12 Within the hospital setting, older children may be able to provide a sputum sample, but younger children usually cannot. When pulmonary tuberculosis (TB) is suspected, consecutive early morning, preprandial, preambulatory gastric washings are indicated and are more sensitive than bronchoalveolar lavage. Induction of sputum using hypertonic saline may also be useful when TB is suspected, but this technique increases the chances of a typically noninfectious patient being rendered temporarily infectious during the procedure. 22 In hospitalized infants under 18 months of age a nasopharyngeal aspirate should be sent for viral antigen detection (such as immunofluorescence) with or without viral culture. 12 When significant pleural fluid is present, it should be aspirated and sent for microscopic aspiration and culture as early as possible during the course of disease, and a specimen should be saved for bacterial antigen detection. 12 If pleural fluid is associated with a complicated parapneumonic effusion, a sample of pleural fluid is likely to be obtained during the management of this complication, so in this circumstance an additional diagnostic pleural tap may not be in the best interest of the child. Lung aspirates are rarely performed, but the technique is safer than widely perceived and can provide a bacterial diagnosis in more than 50% of cases. 23 Lung aspirates therefore are more sensitive than blood cultures, but the organisms identified by this technique frequently are different from those identified by blood cultures taken in the same children. 24 The limitations of lung aspirates is that they are painful and result in a small (but usually clinically insignificant) pneumothorax, and the technique usually is limited to pneumonias associated with dense peripheral consolidations close to the chest wall. Lung aspiration in conjunction with use of nucleic amplification tests can potentially increase the yield further, 25 and therefore lung aspiration should be considered if the benefits of identifying the causative agent outweigh the modest risk of the procedure and equipment for and expertise in the management of the potential complication of a pneumothorax are available.
ORGANISMS CAUSING PNEUMONIA ACCORDING TO AGE Neonates
Common organisms causing pneumonia in neonates are group B streptococci, gram-negative enteric bacteria, cytomegalovirus, Ureaplasma urealyticum, Listeria monocytogenes, and C trachomatis.
Less common organisms causing pneumonia in neonates are S pneumoniae, group D streptococcus, and anaerobes.
Infants
Common organisms causing pneumonia in infants are respiratory syncytial virus, parainfluenza viruses, influenza viruses, adenovirus, metapneumovirus, S pneumoniae, H influenzae, M pneumoniae, and Mycobacterium tuberculosis.
Less common organisms causing pneumonia in infants are Bordetella pertussis and Pneumocystis jiroveci.
Preschool Children
Common organisms causing pneumonia in preschool-age children are respiratory syncytial virus, parainfluenza viruses, influenza viruses, adenovirus, metapneumovirus, S pneumoniae, H influenzae, M pneumoniae, and M tuberculosis.
A less common organism causing pneumonia in preschool-age children is C pneumoniae
School-Age Children
Common organisms causing pneumonia in school-age children are M pneumoniae, C pneumoniae, S pneumonia, M tuberculosis, and respiratory viruses.
Organisms Rarely Causing Pneumonia
The following organisms rarely cause pneumonia: Initial management always should commence with an assessment of the airway, breathing, and circulation. Most children do not require admission to hospital. Children whose oxygen saturation is 92% or less in air should receive supplemental oxygen therapy. 12 In a Zambian study, the mortality from pneumonia was increased when hypoxemia was present, a finding that highlights the importance of oxygen in treatment. 26 Intravenous fluids rarely are indicated but may be required in the presence of severe dehydration, ongoing vomiting, severe electrolyte disturbances, or respiratory failure. In this context, inappropriate secretion of antidiuretic hormone may occur, 27 and intravenous fluids may need to be administered at 80% of full maintenance.
Antibiotics
Children who have mild symptoms do not require treatment with antibiotics (level of evidence: moderate). Amoxicillin or co-amoxyclavulanic acid is the antibiotic of choice in preschool children (level of evidence: moderate). Children over 5 years of age also can be treated with amoxicillin or coamoxyclavulanic acid or with a macrolide (or both) when atypical infection is suspected (level of evidence: moderate). Antibiotics administered orally are safe and effective for most children (level of evidence: high).
The optimal duration of treatment for a child admitted with pneumonia is unknown, but most recommend 5 to 7 days of antibiotics (level of evidence: low).
When a decision has been made to treat with antibiotics, the oral route is the most appropriate for most children. Although co-trimoxazole is widely used as the firstchoice antibiotic throughout the world, it is inferior to treatment with amoxicillin in severe pneumonia. 28, 29 Amoxicillin is recommended as the first line of therapy for children under 5 years because it is relatively inexpensive, is well tolerated, and is effective against most of the pathogens in this age group. Co-amoxyclavulanic acid seems to be significantly more effective than oral amoxicillin alone but is more expensive. 29 In children older than 5 years, amoxicillin again is an appropriate first-line agent unless mycoplasma or chlamydia pneumonia is suspected, in which case a macrolide antibiotic, either alone or in addition, is appropriate. Erythromycin is equally as effective as 29 and is significantly cheaper than second-generation macrolides such as azithromycin, clarithromycin, or roxithromycin, but it has a shorter half-life and requires more frequent dosing. It also may be associated with more frequent adverse effects, especially involving the gastrointestinal tract.
There is no evidence that intravenous treatment is superior to oral treatment in community-acquired pneumonia. Intravenous antibiotics therefore are reserved for severe cases of pneumonia or for pneumonia in a child unable to tolerate oral antibiotics. Appropriate antibiotics to administer intravenously include benzyl penicillin, coamoxyclavulanic acid, a second-or third-generation cephalosporin, and the addition of a macrolide if atypical infection is considered a possibility.
ANTIBIOTIC RESISTANCE
Antibiotic resistance is common and increasing, partly in response to inappropriate antibiotic prescribing (level of evidence: moderate).
Principles of good antibiotic prescribing (eg, using the appropriate antibiotic with the narrowest spectrum, aiming for high tissue or plasma concentrations, a shorthalf life, and administered as a short, intensive course) are important and are less likely to induce antibiotic resistance. 30 Resistance to antibiotics usually is acquired through selective pressure on bacteria resulting from exposure to antibiotics and preferential survival of resistant organisms. Pneumococcal resistance has been documented in up to 40% of isolates, 31 and high rates have been reported in Spain, France, and the United States. 31, 32 Mutations in genes coding for penicillin-binding proteins lead to decreased affinity for penicillin and consequently the failure of penicillin to inhibit the enzymes responsible for cell wall synthesis. Pneumococcal resistance to penicillin occurs when the mean inhibitory concentration is less than 2 mg/mL, but there is no evidence that treatment with high-dose penicillin or cephalosporins for pneumonia in which pneumococcal resistance is documented is associated with clinical failure. 33, 34, 35 Most, however, would consider using a third-generation cephalosporin or vancomycin if clinical resistance is suspected or when resistance is identified in a child who is immunosuppressed.
Up to 34% of isolates of H influenzae (including nontypeable strains) are resistant to ampicillin because of the production of ß-lactamases by the organism that inhibit the antibiotic. 36 Therefore, in areas of high endemic resistance, or when resistance is suspected clinically or is identified in an immunosuppressed individual, treatment with a third-generation cephalosporin is indicated.
Most strains of S aureus are penicillin resistant, because ß-lactamases are very prevalent. Methicillin/flucloxacillin resistance also is widespread now, particularly in hospital-acquired infection but also can be found in community-acquired infections. 37 Vancomycin or teicoplanin are the antibiotics of choice to treat such infections, at least when vancomycin resistance is not suspected. The outcome may be better when rifampicin is added to treatment with vancomycin, 38 but this benefit is not confirmed in community-acquired pneumonia. Apart from resistant S aureus, most other bacteria that cause hospital-acquired pneumonia are gram-negative organisms such as Pseudomonas species, Serratia species, Escherichia coli, and Enterobacter species. Multidrug resistance has been documented in each of these bacteria, so local guidelines are necessary for the appropriate selection of antibiotics.
PREVENTION Vaccines
Vaccines against H influenzae and S pneumoniae are effective (level of evidence: high).
Vaccines are not currently available in populations where pneumonia has the highest mortality (level of evidence: high).
The recent development and introduction of conjugate vaccines for H. influenzae type b (Hib) and S pneumoniae has led to a degree of control of pneumonia caused by these two organisms in developed countries where they have been introduced into the immunization schedule. Hib vaccine was introduced in 1990. The first report from a bacterial pneumonia vaccine trial in the developing world was from The Gambia in 1997, 39 where Hib vaccination reduced clinical pneumonia by 4% and radiologic pneumonia by 20%. No lung aspirates were identified as culture positive for Hib in children who received the vaccine in this study. A further study in Chile also confirmed the clinical efficacy of Hib vaccine. 40 An Indonesian study, however, in which coverage with chest radiographs was much greater than in the other two studies, found no evidence for reduction of radiologic pneumonia as a result of the vaccine, even though a reduction in clinically diagnosed lower respiratory illness was confirmed. 41 The first pneumococcal conjugate vaccine was introduced in 1990. Studies in the United States, 42 South Africa, 43 and The Gambia 44 have demonstrated its efficacy against development of clinically diagnosed pneumonia, severe pneumonia, radiologically defined pneumonia, and vaccine serotype-specific bacteremia or lung aspirate culture. 45 Newer vaccines that incorporate more serotypes than the nine included in the Gambian and South African studies are likely to offer improved efficacy when they are introduced. Because there are at least 90 pneumococcal serotypes, however, the risk is that serotype replacement eventually will result in diminished benefit from vaccination. The optimal schedule for administration of the seven-valent pneumococcal vaccine has not yet been determined. 46 As antibiotics become less effective against common bacterial causes of childhood pneumonia, the role of primary vaccination will become increasingly important. Vaccination decreases the circulation of resistant organisms and, in the case of S pneumoniae, the current seven-valent vaccine is effective against the serotypes most commonly associated with antibiotic resistance. 47 
OTHER PREVENTION MEASURES
Environmental, nutritional, and socioeconomic factors affect mortality in childhood pneumonia and are preventable (level of evidence: high).
Over the next decade, it is crucial that vaccines become available to children in the developing world, who are at greatest risk of dying from pneumonia. Failure to make these vaccines available would indicate that the motives behind vaccine development do not include a desire to affect significantly the global childhood mortality caused by pneumonia. Environmental, nutritional, and socioeconomic factors that affect equity of access are crucially important also. 48 A concerted effort to address these factors in many developed nations at the beginning of the last century resulted in the large reduction in mortality from pneumonia that occurred before the availability of antibiotics 49 and points out that mortality from pneumonia in childhood reflects socioeconomic disadvantage above all other factors.
COMMON RESPIRATORY ISSUES IN DEVELOPING COUNTRIES
The WHO estimates that nearly one fifth of childhood deaths are caused by pneumonia, which claims more than 2 million lives annually (see Fig. 1 ). Most of these deaths occur in Africa and Southeast Asia 2,50 and are caused either by community-acquired pneumonia or by infections secondary to measles, pertussis, or AIDS/HIV. Most of these deaths are preventable with available interventions. 51 Although few of these episodes result in death, they produce significant morbidity and short-term sequelae, which may have a detrimental effect on the child's nutritional status and also may influence the risk of other childhood diseases. Effective strategies to combat this problem include the WHO Integrated Management of Childhood Illness (IMCI) program, nutritional interventions, and immunization. The use of case management guidelines recommended by IMCI for childhood pneumonia has reduced overall and pneumonia-specific mortality in children significantly. 52, 53, 54 
INTEGRATED MANAGEMENT OF CHILDHOOD ILLNESS
The generic IMCI guidelines are meant to target the leading causes of mortality and severe morbidity in children below 5 years of age, who are a particularly vulnerable age group. The IMCI strategy incorporates assessment of feeding, updating immunization status, and provision of vitamin A prophylaxis. The three components of the IMCI program are improving the skills of health workers, improving the health system, and improving household and community practices. IMCI is considered to be among the most cost-effective interventions in both low-and middle-income countries and to be the program most likely to have the greatest impact on the global burden of disease. As of December 2000, more than 81 countries around the world had adopted IMCI guidelines.
MANAGEMENT OPTIONS FOR ACUTE RESPIRATORY INFECTION FOLLOWING THE INTEGRATED MANAGEMENT OF CHILDHOOD ILLNESS APPROACH
Use oral co-trimoxazole rather than other oral/parenteral antibiotics in the treatment of nonsevere pneumonia (level of evidence: high).
Use ambulatory short-course amoxicillin for treatment of severe pneumonia (level of evidence: high).
Use parenteral chloramphenicol instead of ampicillin plus gentamicin for very severe pneumonia (level of evidence: high).
Community-based interventions to identify and treat pneumonia have a considerable effect on child mortality. The WHO guidelines for the case management of acute respiratory infections are based on simple signs such as fast breathing and indrawing of the chest and are designed for countries with an infant mortality rate higher than 40 per 1000 live births. 55 The WHO defines cases of suspected pneumonia as children reported to have an illness associated with a cough accompanied by fast and/or difficult breathing. It is recommended that children who have cough without fast breathing be treated as outpatients without antibiotics; those who have fast breathing (nonsevere pneumonia) be treated at home with oral co-trimoxazole or amoxicillin for 5 days; and those who have lower chest indrawing (severe pneumonia) and general danger signs (very severe disease) be referred to hospital and treated with parenteral ampicillin/penicillin.
A recent meta-analysis assessing the effect of the pneumonia case-management approach on mortality identified a 24% reduction in total mortality and a 36% reduction in pneumonia mortality in children under 5 years of age. 52 This analysis of nine studies 53, 54, [56] [57] [58] [59] [60] [61] [62] concluded that community-based interventions to identify and treat pneumonia have reduced child mortality considerably, with consistent results, despite the diversity of pneumonia interventions and developing-country settings in which these trials took place. A potential limitation of this analysis is that all the studies were undertaken more than a decade ago, and with the increasing prevalence of antimicrobial resistance their implications for public health programs are unclear.
In the last decade, and more recently, studies have looked at the efficacy of various antibiotic regimens in developing country settings. 28, [63] [64] [65] [66] [67] [68] All cases of suspected pneumonia in these settings should be treated with oral or parenteral antibiotics, depending on severity. The potential choice of antibiotics is wide but should be applicable for large-scale use in low-resource settings. Co-trimoxazole is a cheap and effective drug, and all the studies show that it compares favorably with other antibiotics for nonsevere pneumonia. A study comparing the efficacy of co-trimoxazole and that of amoxicillin for nonsevere pneumonia and examining the association with in vitro co-trimoxazole susceptibility found no difference in efficacy between co-trimoxazole and amoxicillin, despite high in vitro resistance to co-trimoxazole. 28 Another study comparing the clinical efficacy of twice-daily oral co-trimoxazole and twice-daily oral amoxicillin found that both were equally effective for the treatment of nonsevere pneumonia. 63 Three other studies comparing co-trimoxazole with chloramphenicol; 64 with procaine penicillin on day 1 followed by 5 days of oral ampicillin; 65 and with intramuscular procaine penicillin G or benzathine penicillin G in combination with procaine penicillin G 66 did not indicate any difference in efficacy with alternative antibiotic regimens. Another double-blind, randomized, controlled trial comparing a course of the standard dose (45 mg/kg/d) of oral amoxicillin for the treatment of nonsevere pneumonia versus a course of a double dose (80-90 mg/kg/d) found no difference between the two doses. 69 The only study assessing oral treatment for severe pneumonia concluded that home treatment with high-dose oral amoxicillin is equivalent to currently recommended hospitalization and parenteral ampicillin for treatment of severe pneumonia without underlying complications, 67 but a recent Cochrane review suggested that amoxicillin is better than co-trimoxazole for severe pneumonia. 29 Another study showed that the combination of parenteral ampicillin and gentamicin was more efficacious than parenteral chloramphenicol alone. 68 Based on these findings, the WHO has revised the guidelines for the management of severe pneumonia to include home treatment with high-dose oral amoxicillin or a combination of parenteral ampicillin and gentamicin for hospitalized patients.
TUBERCULOSIS IN CHILDREN AND ADOLESCENTS
The worsening TB pandemic remains a major threat to global health. TB kills nearly 2 million people every year (5000 per day). 70 Precise estimates for the burden of childhood TB are not readily available, primarily reflecting the difficulty in diagnosing TB accurately in children. Children represent an increasing proportion of the total number of cases in TB-endemic areas, however, with almost 500,000 children succumbing to the disease each year. Although the overwhelming burden of disease is in developing countries, several developed countries also have reported a recent increase in the number of TB cases in children. 71, 72 Although in most children the initial infection occurs in the lungs, TB in children and adolescents should be considered, at least potentially, to be a systemic disease. The primary complex comprising the site of infection and the involved regional lymph nodes may heal, or complications may develop from enlargement or rupture of the regional lymph nodes or from the spread of tubercle bacilli into the bloodstream, giving rise to disseminated disease. The risk of dissemination is greatest in the first 5 years of life and within the first 12 to 24 months after infection and is seen more commonly in children than in adults.
Recently, the Tuberculosis Coalition for Technical Assistance and its partners have published international standards of care for the management of TB. 73 The reader is referred to this important document and its 17 standards relating to the diagnosis, treatment, and public health responsibilities of TB.
Diagnosis

Tuberculosis infection
Diagnosis of TB infection is based on tuberculin skin testing (TST) in the absence of signs or radiologic findings suggestive of TB disease. The interpretation of a positive test may be modified by the risk of infection, which is influenced by the contact history, duration of contact, medical history, and age of the individual and their Bacille Calmette-Guerin (BCG) vaccination status. The TST is an imperfect test. Its interpretation and subsequent clinical management depend on the prior probability of the test being positive and on the clinical circumstances of the individual or family.
Tuberculosis disease
Diagnosis of TB disease is based on clinical symptoms and signs, chest radiographs or other investigations, and smear and culture of infected body material. Although there are conflicting reports as to whether lateral chest radiographs increase the yield for detecting intrathoracic lymphadenopathy, 74, 75 CT is considered an excellent tool for detecting mediastinal nodes. CT, however, requires a volumetric scanning protocol and should not be performed routinely because of the associated high radiation dose.
Pneumonia and Other Respiratory Infections
Even though the yield from cultures is low in children, microbiologic confirmation of TB should be sought. Treatment should be started as soon as samples have been obtained.
Microbiology
In patients unable to produce sputum, gastric aspirates are the investigation of choice for pulmonary TB in children (level of evidence: moderate).
In younger children, when it is not possible to obtain sputum, gastric aspirates should be collected on 3 consecutive days. About 50 mL of gastric contents should be aspirated via a nasogastric tube early in the morning after the child has fasted for 8 to 10 hours, preferably while the child is still recumbent. Both a smear and culture should be performed on the aspirate.
If there is radiologic evidence of focal disease, such as lobar, segmental, or subsegmental collapse, or clinical evidence of bronchial obstruction, a flexible fiberoptic bronchoscopy may be indicated to identify and biopsy endobronchial lesions, ideally, with bronchoalveolar lavage performed in addition to gastric aspiration. Otherwise, bronchoscopy with bronchoalveolar lavage offers no advantages over gastric aspiration. 76 Inhalation of nebulized sterile hypertonic saline (3% to 6%) via an ultrasonic nebulizer can be used to induce sputum in patients unable to expectorate sputum. The cough produced by this technique may be of sufficient force to aerosolize tubercle bacilli and infect health care workers, however. Ideally, sputum should be induced in areas with high-efficiency particulate air filters, and qualified personnel should wear appropriate respiratory protection.
ROLE OF INTERFERON-GAMMA RELEASE ASSAYS IN CHILDREN
The sensitivity of the currently available interferon-gamma release assays for the diagnosis of culture-confirmed TB disease in children is not high enough for these assays to be used alone to rule out TB. 77 In most studies interferon-gamma release assays and TST yield equivalent results for the detection of latent TB infection in children, once adjustment is made for interpretation of the TST based on differing cut-offs, and some evidence suggests these assays may be less sensitive than TST in children. 78 Limited data suggest that in situations in which the value of TST is greatly reduced (eg, in patients infected with HIV), interferon-gamma release assays may prove useful when used as an adjunct to TST to increase sensitivity. Other specific situations in which the interferon-gamma release assays might be indicated are To confirm infection in a child who has been vaccinated with BCG and the TST result is borderline positive/negative As a replacement for TST when repeat testing with TST is likely to result in a booster phenomenon If TST testing is considered likely to result in a blistering or a large painful response (eg, in a patient who has had a strong reaction to TST in the past) For a child who is unable or unlikely to return at 48 to 72 hours for reading of the TST
TREATMENT
Latent Tuberculosis Infection
Treatment of children who have latent TB infection and no evidence of TB disease is indicated for two reasons: first, to reduce the risk of the patient's developing disease in the years immediately after acquiring the infection, particularly in children under the age of 5 years, when extrapulmonary disease is more common, and second, to reduce the lifelong risk of developing TB disease as a consequence of infection. These goals can be achieved by the use of isoniazid therapy for a minimum of 6 months. Although a dose of isoniazid, 5 to10 mg/kg once daily, is recommended, a dose of 10 mg/kg is optimal: children eliminate isoniazid faster than adults, and therefore relatively larger doses are required to achieve comparable serum concentrations. 79 Treatment of latent TB infection is particularly important in HlV-positive children, children in whom corticosteroid or immunosuppressive therapy is contemplated, and in those who have diabetes or other chronic diseases associated with malnutrition (eg, celiac disease).
Treatment of latent TB infection in children and adolescents has few side effects. The incidence of liver toxicity in children is extremely low, and routine monitoring of liver function is not recommended.
TREATMENT OF PULMONARY TUBERCULOSIS DISEASE
A rifampicin-containing regime is the backbone of antituberculosis treatment for drug-susceptible M tuberculosis (level of evidence: high). At least 6 months' treatment is recommended using three or four drugs for 2 months with a further continuation phase of 4 months with isoniazid and rifampicin (level of evidence: high).
Children who have TB disease usually are treated with daily therapy with four drugs, isoniazid, rifampicin, pyrazinamide, and ethambutol, for 2 months, and then generally with two drugs, isoniazid and rifampicin, for a further 4 months. Normally these drugs are given daily, but supervised therapy given 3 days a week sometimes is necessary when adherence with daily therapy is considered to be poor.
Such short-course therapy (6 months) has been shown to be effective in children who have primary TB and complicated primary TB limited to the respiratory tract.
Infectivity
Childhood TB is rarely contagious (level of evidence: high) because Children who have TB disease usually have a small bacterial load. Children are less able to generate the tussive forces needed to aerosolize bacilli. Children very rarely have cavitating disease. Young children swallow rather than expectorate sputum. Occasionally adolescents are seen with cavities caused by TB and then may be infectious.
Strategies to Improve Adherence
Adherence is a multidimensional phenomenon determined by the interplay of socioeconomic, health system, disease-related, patient-related, and therapy-related factors. 73 A few pragmatic strategies to enhance treatment adherence include Emphasizing the importance of adherence at outset of treatment to child and family Assigning a key worker to each family with information on how to contact the worker Using professional interpreters to communicate if necessary, rather than family members Giving information about potential side effects to the child and the family Providing pill organizers for multidrug regimes Using combination antibiotic preparations when available and if tolerated Providing written information in appropriate languages
Pneumonia and Other Respiratory Infections
Maintaining close liaison with the dispensing pharmacy regarding collection of scripts Having liquid preparations readily available for preschool children Providing easy access to follow-up
RESPIRATORY INFECTIONS IN HIV-INFECTED CHILDREN
Parenteral benzyl penicillin or ampicillin should be used in combination with gentamicin (level of evidence: high).
The clinical expression of HIV disease in children is highly variable. HIV-related lower respiratory infections account for 30% to 40% of pediatric admissions and have a case fatality rate of up to 35%, much higher than the 10% for children not infected with HIV. In addition to S pneumoniae and S aureus, P jiroveci, gram-negative bacteria, and cytomegalovirus are important opportunistic infections in this group of children. 80 The WHO developed revised guidelines for presumptive treatment of pneumonia in young children in regions where the prevalence of HIV is high. It is recommended that children admitted with severe pneumonia in HIV-endemic areas receive benzyl penicillin or ampicillin in combination with gentamicin, irrespective of age, and that all infants receive high-dose co-trimoxazole because of the high prevalence of P jiroveci. 81 There are no reported studies assessing the efficacy of these treatment guidelines since publication. A study conducted before the publication of the guidelines used the same recommendations and concluded that in children older than 1 year the WHO guidelines were effective, irrespective of HIV status. For those aged younger than 1 year, however, the guidelines were found to be inadequate, because nearly half of the infants did not respond to therapy. This failure was attributed to polymicrobial disease. 82 
COMMON TROPICAL RESPIRATORY INFECTIONS Pulmonary Hydatid Cyst (Echinococcosis)
Surgical excision of the cyst in conjunction with benzimidazoles is recommended (level of evidence: moderate). Exclusive medical therapy is reserved for patients who are poor candidates for surgery (level of evidence: moderate).
Echinococcosis or hydatid disease is caused by the cystic larval stage of the tapeworm Echinococcus. The liver is the most common site of cyst formation, followed by the lung in 10% to 30% of cases. Pulmonary disease seems to be more common in children and younger individuals. Although most patients are asymptomatic, some may expectorate the contents of the cyst or develop symptoms related to compression of the surrounding structures. Surgical excision of the cyst is the treatment of choice whenever feasible, because the parasite can be removed completely and the patient cured. 83 The surgical options for lung cysts include lobectomy, wedge resection, pericystectomy, intact endocystectomy, and capitonnage. Medical therapy with benzimidazoles is valuable in disseminated disease, including secondary lung or pleural hydatidosis, in patients who are poor surgical risks, and when there is intraoperative spillage of hydatid fluid. 84 
PULMONARY AMEBIASIS
Tissue amebicides are effective treatment (level of evidence: moderate). Surgical management is reserved for patients who have advanced disease (level of evidence: moderate).
Amebiasis caused by Entameba histolytica is endemic in the tropical countries. The lungs are the second most common extraintestinal site after amebic liver abscess. Pleuropulmonary amebiasis most often is a consequence of the direct extension of an amebic liver abscess manifested by consolidation, lung abscess, pleural effusion/empyema or hepato-bronchial fistula. Tissue amebicides such as metronidazole, chloroquine, and dehydroemetine are effective in most patients who have pulmonary disease. 85, 86 Percutaneous pleural drainage and surgical decortication have a role in patients who have advanced disease. 87, 88 TROPICAL EOSINOPHILIA A 3-week course of diethylcarbamazine is recommended (level of evidence: moderate).
Tropical eosinophilia is a syndrome characterized by a generalized tissue reaction in which pulmonary manifestations predominate. An underlying hypersensitivity reaction to the filarial parasites Wuchereria bancrofti or Brugia malayi results in cough, breathlessness, wheeze, marked increase in peripheral eosinophilia, and eosinophilic pulmonary infiltrates. 89, 90 Treatment is with a 3-week course of diethylcarbamazine. 91, 92 
MANAGEMENT OF COMPLICATIONS OF RESPIRATORY INFECTIONS Empyema
Use a chest drain with intrapleural fibrinolytics (level of evidence: high).
Use video-assisted thoracoscopic surgery (level of evidence: high).
A number of treatment options currently are available for empyema, including systemic antibiotics alone or in combination with thoracocentesis; chest drain insertion, with or without intrapleural fibrinolytics; and surgical techniques such as video-assisted thoracoscopic surgery (VATS), mini-thoracotomy, and standard thoracotomy with decortication. All these treatment options are safe and effective. Chest drain with intrapleural fibrinolytics, particularly urokinase, 93, 94 and VATS 94, 95 have been shown to be effective primary approaches in the treatment of empyema, with a shorter duration of hospital stay, which is used consistently as an outcome measure. The failure rates are similar with both modalities of treatment. The cost of treatment with intrapleural urokinase is around 25% cheaper than VATS, and, because the expertise to perform VATS may not be universally available, intrapleural urokinase is advocated as first-line management. 94 A meta-analysis comparing the results of nonoperative and primary operative therapy for the treatment of pediatric empyema reviewed 67 studies. 96 Data were aggregated from reports of children treated nonoperatively (3418 cases from 54 studies) and from children treated with a primary operative approach (363 cases from 25 studies). Data analysis showed that primary operative therapy was associated with a lower mortality rate, lower re-intervention rate, shorter length of hospitalization, decreased time with a thoracostomy tube, and shorter course of antibiotic therapy, compared with nonoperative therapy. The limitations of this analysis are that most of the studies included were observational or retrospective case note reviews. The observational data from the analysis show that the length of stay is similar for primary fibrinolytic therapy (10.7 days), thoracotomy (10.6 days), and VATS (11.2 days). The analysis also suggests that current surgical options for childhood empyema seem safe, with no reported mortality and little morbidity, and that there is complete resolution of the disease, whatever the treatment.
Pneumatoceles
Pneumatoceles resolve without treatment (level of evidence: moderate). Refractory cases require surgery (level of evidence: moderate).
Pneumatoceles are associated most frequently with staphylococcal pneumonia but also are seen in pneumonias caused by S pneumoniae, H influenzae, E coli, and Klebsiella. They usually do not produce any additional symptoms to the underlying infective process and regress spontaneously. 97, 98 Surgical management, including drainage, resection, or decortication, is required only in refractory cases or those that are symptomatic. 98 
Lung Abscess
Lung abscess resolves with a prolonged course of antibiotics (level of evidence: moderate). Abscess drainage hastens recovery (level of evidence: moderate).
Lung abscesses coexisting with necrotizing pneumonia or empyema usually do not require surgical drainage and resolve with a prolonged course of antibiotics administered for the pneumonic process. 99 In the last decade, however, there has been increasing interest in the early use of interventional radiology for the aspiration of lung abscesses, with or without placement of an external drain, as a way of hastening recovery and decreasing hospital stay. Surgical resection of the affected lobe is associated with significant morbidity and is very rarely advocated. 100, 101, 102 Bronchopleural Fistulae and Pyopneumothorax Bronchopleural fistula resolves with continued drainage (level of evidence: moderate). Surgical management is useful in protracted cases (level of evidence: moderate).
Bronchopleural fistulae associated with necrotizing pneumonias and empyema usually are peripheral and resolve with continued chest drainage. 103 Sometimes, however, they are slow to resolve, and surgical management must be considered. Talc pleurodesis and limited decortication with muscle flap around the bronchopleural fistula have been used successfully in protracted cases. 104, 105 
